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OBJECTIVE: The associations between air pollution and children’s respiratory health in the
high pollution range have not yet been clearly characterized. We evaluated the effects of
outdoor air pollution on respiratory morbidity in children selected from multiple sites in
a heavy industrial province of northeastern China.
METHODS: The study included 11,860 children aged 3e12 years, selected from 18 districts of 6
cities in Liaoning province, the participation rate is 89.9%. Informed consent and written
responses to surveys about children’s historic and current health status, personal and house-
hold characteristics, and other information were obtained from parents. A two-stage regres-
sion approach was applied in data analyses.
RESULTS: There were wide gradients for TSP (188e689 mg/m3), SO2 (14e140 mg/m
3 and NO2
(29e94 mg/m3) across the 18 districts of 6 cities. The three air pollutants significantly increased
the prevalence of persistent cough (21e28%), persistent phlegm (21e30%) and current asthma
(39e56%) for each interquartile range increment (172 mg/m3 for TSP, 69 mg/m3 for SO2, 30 mg/
m3 for NO2), showing larger between-city effects than within-city. Rates of respiratory8338 0014; fax: þ86 24 2338 8218.
m.cn (G. Pan).
0 Elsevier Ltd. All rights reserved.
1904 G. Pan et al.symptoms were significantly higher for children with younger age, atopy, respiratory disease in
early age, family history of asthma or chronic bronchitis, and tobacco smoke exposure.
CONCLUSION: The high levels of outdoor air pollution in north China are positively associated
with children’s respiratory symptoms, the associations with TSP appear to be stronger than SO2
and NO2.
ª 2010 Elsevier Ltd. All rights reserved.Introduction
China has experienced rapid economic development and
urbanization over the past three decades, the levels and
patterns of outdoor and indoor air pollutants have altered
dramatically. The levels of particulate matter and SO2 are
higher than those of the national standard and criterion
concentration of WHO in many cities, although they have
declined gradually in recent years.1e4 With the rapid
increase in motor vehicles, urban air pollution has changed
from the coal combustion type to mixed coal smoke and
motor vehicle emission type encountered at relatively high
levels since the mid 1990s. Meanwhile, the levels of indoor
coal smoke pollution have decreased rapidly since more
people moved to new houses with gas or electric power.
The new building materials used, pet raising, and tobacco
smoke exposure have also affected the types and levels of
indoor air pollution.1,2 While a limited number of studies
have evaluated the health effects of the changing and
mixing air pollution in the past decade,5e15 most were
conducted in one city with heavy air pollution, the incon-
sistent results obtained to date do not provide a clear
overall picture of health damage.
The air pollution levels were higher in cities of north
China, since coal was the main fuel for industry and heat-
ing, especially in winter. Several cities in the Liaoning
province, including Shenyang, Anshan and Benxi, are
historically among the most polluted cities in China.
Epidemiological studies reveal positive associations
between high level air pollution and increased morbidity
and mortality from respiratory diseases and lung
cancer.8,13,14 These studies have several limitations: (1) all
were performed in one city with heavy air pollution, the
relatively high and narrow pollution range between the
nested districts in one city could not reveal between-city
effects; (2) none included pre-school children, who are
more susceptible to air pollutants; (3) some important
confounding factors, such as family history of respiratory
disease, respiratory infections in early life, and atopic
status, were not effectively controlled.
To evaluate the associations between air pollution and
children’s respiratory symptoms and illnesses within
a wider range of both air pollutants and subjects, we con-
ducted a cross-sectional survey in 6 cities in Liaoning
province.
Materials and methods
Detailed information on locations of study area, schools and
participants selection, and ambient air pollution assess-
ment, has been has been reported in previous paper on
adults’ respiratory health of the present study.14 In brief,
with the aim of maximizing between-city and within-cityconcentration gradients in the air pollutants, six cities (i.e.,
Anshan, Benxi, Dandong, Liaoyang, Panjin and Shenyang)
and three districts (slight, moderate, heavy) within each
city were selected based on historical monitoring data.
A kindergarten and an elementary school that were located
within 1 km of the monitoring sites were selected in each
district. Two classes were randomly selected for each
grade/age group in the kindergarten/schools.
The records obtained between 1997 and 2000 from
environmental monitoring stations nearest to the subjects’
residence (any one of each of the three stations in each
city) were used to determine the levels of exposure to
ambient air pollution for each subject. Ambient air pollu-
tion was determined by the annual average levels of three
pollutants (TSP, SO2, and NO2). For comparison, the annual
PM10 concentrations were estimated by multiplying TSP
with 0.52 for each district using the method recommend by
State Environmental Protection Administration of China.15
The Chinese language questionnaire was translated and
back-translated from the Epidemiologic Standardization
Project Questionnaire of American Thoracic Society (ATS-
DLD-78-A).16 We additionally included some questions, such
as breast feeding, atopy, family history of respiratory
disease, dwelling and classroom characteristics, methods of
cooking and heating, pet raising, history of respiratory
illnesses, and passive smoking. After obtaining written
consent forms from parents, questionnaires were distrib-
uted simultaneously in all the districts. The questionnaire
was self-completed by parents or other family members of
the schoolchildren, either at school or at home between
January and June 2002.
We focus on four respiratory symptoms and illnesses,
specifically, persistent cough, persistent phlegm, current
wheeze and current asthma. We used the similar definitions
as adopted in the ATS-DLD-78-A questionnaire survey in
Japan.17 Respiratory symptoms and illnesses were deter-
mined based on questionnaire responses. (a) Persistent
cough: had a cough on most days (S4 days per week) for as
long as 3 months of the year, either together with or
separately from colds; (b) Persistent phlegm: seemed
congested or brought up phlegm or mucus from the chest on
most days (S4 days per week) for as long as 3 months of the
year, either together with or separately from colds; (c)
Current wheeze: positive answers to all the four criteria:
(1) occasional wheezing; (2) chest ever sound wheezy or
whistling, either together with or separately from colds; (3)
experienced two or more such episodes in the past 2 years;
(4) not meet the criteria for ‘current asthma’. (d) Current
asthma: positive responses to all the six criteria: (1) have
experience an attack of wheezing and/or short of breath;
(2) have had two or more such attacks; (3) have been
diagnosed with asthma by a doctor; (4) wheezing could be
heard during an attack; (5) experienced shortness of breath
and wheezing during an attack; (6) have experienced such
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2 years. Other risk factors, such as respiratory disease at
early age, atopy and obesity, were defined as specified in
the online data supplement.
To study the relationships between the air pollution
levels and the prevalence of four respiratory symptoms/
illnesses, we used a two-stage regression approach similar
to the method used in other studies.12,18e20 In the first
stage, we used stepwise logistic regression models to
determine which personal and household variables were
associated with each symptom. Any variables that were
significant at the p < 0.15 level for a given symptom will be
included in all subsequent models of pollutant effects for
that symptom. We fit a single logistic regression model for
the prevalence rate of each symptom, including all of the
significant personal/household variables and 18 separate
intercept terms aj for each community j. These intercept
terms represent the logit of the community-specific prev-
alence rates, adjusted for the personal/household cova-
riates. The adjusted prevalence rate can then be computed
as eaj/(1 þ eaj). In the second stage model, we firstly fitted
one pollutant models by regressing the community-specific
parameter estimates (aj, j Z 1, .,18) on the community-
specific ambient level of a given pollutant, using simple
linear “ecologic” regression ajZ (ajZ a þ bZj þ Ej) where
Zj denotes the pollution variable(s) in community j. The
expectation is that if there is a relationship between the
condition and pollution, there will be a non-zero slope (b)
in this model. The standard t test of zero slope for
a regression model is utilized to determine whether rates of
symptoms are correlated with pollutants. The quantity, eb,
can be translated to the prevalence odds ratios (ORs) and
95% confidence intervals (95% CIs), scaled so that the
interquartile range corresponds to one unit change. Finally,
we fitted three pollutant models to assess the independent
effects of each pollutant while controlling the possible
confounding from others.
Because the 18 districts were nested in the six cities, we
used additional second stage models that tested separately
for the between-city and within-city associations between
prevalence and each pollutant.12,20 The models can be
described with two dimensional expression as follows: k
denotes city (k Z 1, ., 6) and l denotes the three
districts within a city (l Z 1, 2, 3); then
akl Z a þ b1Xk þ b2(Xkl  Xk) þ ekl, where akl is the coef-
ficient for district kl (similar to aj in the first-stage model),
Xk denotes the city-specific concentration for city k (the
average of city k’s three districts), Xkl denotes the pollutant
concentration in district l of city k, and ekl represents the
error term. In this model, b1 and b2 represent between-city
and within-city pollutanteoutcome relationships, respec-
tively. These coefficients were t-tested for zero slope and
translated to ORs and 95% CIs.Results
Table 1 presents the 4-year arithmetic means of TSP, SO2
and NO2, as well as the estimated PM10, in the 18 districts.
94e100% of estimated PM10, 44e94% of SO2, 56e67% of SO2
exceeded the National Standard of China21 and WHO Air
Quality Guidelines.22 There are wide between-city andwithin-city gradients for TSP (188e689 mg/m3), SO2
(14e140 mg/m3 and NO2 (29e94 mg/m
3). The highest levels
of TSP and SO2 were observed in Anshan and Benxi, where
the two largest iron-steel companies in China are located.
Table 2 contains detailed information about the final
study samples of 12,879 children (89.9%) of 13,192 eligible
children. The participation rates varied from 78.7% in
Dandong to 96.1% in Benxi, which did not correlate with
either pollution levels or disease prevalence. In total, 1019
children (153 aged <3, 127 aged 13, 739 residing in the
current district for <3 years) were excluded from further
analyses (exclusion rate of 7.9%). Among the 11,860 chil-
dren analyzed, the average age was 8.4  2.6 years, 50.7%
were male, 79.9% were breast-fed, 3.3% were low birth
weight, 6.9% were diagnosed with atopy, 13.0% displayed
obesity, 22.9% had a respiratory disease history before 2
years of age, 54.0% were exposed to tobacco smoke at
home. Within the parents and grandparents of the children,
1.4% and 8.4% had asthma history, and 2.7% and 10.5% had
a history of chronic bronchitis, respectively. In terms of
houses, 25.2% were close to a main road (<20 m), 31.1%
were close to a factory or chimney (<100 m), 22.5% had
been painted or re-built in the past 3 years, 6.2% use
humidifier, 25.6% have pets. In total, 11.5% houses used
coal for cooking or heating, with the highest rates reported
in Benxin (31.2%) and Dandong (12.4%).
As shown in Table 3, the prevalence of persistent cough,
persistent phlegm, current wheeze and current asthma
were 9.5%, 4.6%, 6.0% and 1.4% respectively, which were
significantly different among the 6 cities. The lowest levels
of both air pollutants and prevalence of persistent cough
and persistent phlegm were recorded in Panjin city. Pre-
school children aged <7 years displayed a significantly
higher prevalence for all four symptoms than school chil-
dren. No marked differences were observed between males
and females.
Table 4 shows the results of first-stage logistic regres-
sions. Respiratory disease history at an early age, atopy,
parental history of asthma and/or chronic bronchitis,
grandparents’ history of asthma, and passive tobacco
smoke exposure at home significantly increased the ORs for
all four symptoms/illnesses. Significantly positive associa-
tions were observed between low birth weight and persis-
tent cough; obesity and wheeze; grandparents’ chronic
bronchitis and persistent cough and wheeze; fewer room
number and persistent phlegm; house close to main road
and asthma; house close to factory/chimney and persistent
cough, wheeze and asthma; classroom close to main road
and persistent cough, persistent phlegm and asthma; house
pet and persistent cough and persistent phlegm; house
painting and wheeze and asthma; humidifier and persistent
phlegm and asthma. Significantly negative associations
were observed between elder age and persistent cough and
wheeze; breast feeding and persistent cough and persistent
phlegm; parents as responders and persistent cough,
persistent phlegm and asthma.
Table 5 presents the results of second stage regression
analyses. We observed significantly increased prevalence of
persistent cough (21e28%), persistent phlegm (21e30%),
asthma (39e56%) for each interquartile range of all the
three air pollutants, but not for wheeze, in the one
pollutant model. However, the significant associations with
Table 1 District-specific ambient air pollutant concentrations (g/m3), 4-year (1997e2000) arithmetic means for TSP, PM10, SO2





Heavy Moderate Slight Heavy ModerateSlight Heavy ModerateSlight Heavy ModerateSlight
Anshan 689 391 307 358 203 160 117 91 72 94 91 58
Benxi 625 573 448 325 298 233 120 140 133 48 55 53
Dandong 212 199 188 110 103 98 26 25 14 47 38 35
Liaoyang 322 253 225 167 132 117 34 25 27 70 45 33
Panjin 286 208 194 149 108 101 41 27 26 38 30 29
Shenyang 351 334 314 183 174 163 96 82 50 67 74 57
Grand
Mean  SD
414  195326  142279  99215  101170  74 145  5172  4365  47 54  4461  2056  23 44  13
340  153 177  79 64  42 53  44
Interquartile
rangea
172 114 69 30
National
standardb
200 100 60 50
% of > NS 83 94 44 56
WHO guidelinece 20 20 40
% of > WHO e 100 94 67
a Range from 25th to 75th percentile of district-specific concentrations.
b China national ambient air quality standard.
c WHO air quality guidelines global update 2005.
d TSP: total suspended particle.
e PM10: particulate matter with a mass median aerodynamic diameter <10 mm, estimated by multiplying TSP with 0.52.
f SO2: sulfur dioxide.
g NO2: nitrogen dioxide.
1906 G. Pan et al.SO2 do not exit in the three pollutants model analysis. When
the overall associations were broken down into between-
city and within-city associations (Table 6), we found
significantly increased ORs in between-city associations in
single pollutant model, most between-city ORs were higher
than the corresponding within-city ORs, also no significantly
increased or decreased ORs for wheeze. In the three
pollutant molde analyses, the between-city ORs almost
doubled for the associations between TSP and persistent
cough (2.39/1.23) and persistent phlegm (2.81/1.22), all
the within-city ORs for TSP also slightly increased. Most ORs
for SO2 decreased over 50%, especially for the significantly
decreased between-city ORs for persistent cough
(OR Z 0.41, 95%CI Z 0.26e0.67) and persistent phlegm
(OR Z 0.32, 95%CI Z 0.16e0.64), and within-city OR for
wheeze (ORZ 0.31, 95%CIZ 0.17e0.56). All the between-
city ORs decreased, but within-city ORs increased for NO2.
Discussion
The average levels of PM10,, SO2 and NO2 of the 18 sites
were 8.9, 3.2 and 1.3 times of WHO recommended limits,
substantially extended the upper end of the pollution
ranges of previous epidemiological studies conducted in
North America, Europe and Japan,11,18e20 also higher than
that in former East Germany.23e25 The wide gradients
present a unique advantage in assessing the harmful heath
effects of air pollution within the high pollution range,
especially for particulate matters and SO2.
The prevalence of persistent cough and persistent
phlegm are higher than that of wheezing and asthmatic
symptoms, confirmed the previous findings that the rates of‘non-allergic symptoms’ were significantly higher than that
of ‘allergic symptoms’ in Chinese children.9e14 The preva-
lence of asthma (1.4%) was significantly lower than that of
Japanese schoolchildren assessed with the same ATS
questionnaire (6.51%),17 close to the level of ‘current
asthma’ in a national survey among 432,500 children in 43
Chinese cities (1.54%).26 The definition of ‘asthma ever
diagnosed by a doctor’ in ATS17 is similar to ‘ever had
asthma’ in ISSAC (the international study of asthma and
allergies in childhood),27 the rate of ‘asthma ever diag-
nosed by a doctor’ in the present study is 6.5%, close to that
of ‘ever had asthma’ for ISSAC survey in Beijing (6.9%),
Chongqing (7.1%) and Shanghai (7.1%),27 but significantly
lower than Japanese children (18.9%),17 The data from both
ATS and ISAAC surveys support that Chinese children has
significantly lower prevalence of asthma than Japanese
children, China is one of the countries with the lowest
prevalence of asthma.27 The prevalence of ‘current
asthma’ reported in the ISSAC survey in Beijing (2.3%) and
Guangzhou (2.1%) is lower than Hang Kong (3.3%),28 the
lower rate of ‘current asthma’ in the present study maybe
partly related to the stricter criteria in ATS than ISSAC. The
prevalence of current wheeze was 6.0%, close to the 12
month prevalence of wheeze in China (4.2%),27 lower
than that of the cities in south and west China
(6.6e18.8%).12There are big geographic variations in asth-
matic and wheeze symptoms in China,12,26e28 we should be
careful while comparing the prevalence of asthma between
various surveys assessed with different questionnaire and/
or definitions. The higher prevalence of respiratory symp-
toms in younger children supports the theory that the
developing and maturing lung is more vulnerable to damage
Table 2 Personal and household characteristics of children in six cities.
Variable All City p-Value
Anshan Benxi Dandong Liaoyang Panjin Shenyang
Subjects administrated
questionnaire [N (%)]
13192 (100) 1971(14.9) 2190(16.6) 2428(18.4) 2476 (18.8) 2089(15.8) 2019 (15.3) <0.001
Respondents included in
final analysis [N (%)]
11860.0 1772(14.9) 2105(17.7) 1911(16.1) 2303(19.4) 1966(16.6) 1803 (15.2) <0.001
Response rate (%) 89.9 89.9 96.1 78.7 93.0 94.1 89.3 <0.001
Male [N (%)] 5847 (49.3) 883(49.8) 1030(48.9) 969(50.7) 1131(49.1) 969(49.3) 865(48.0) 0.681
Age (mean [SD]) (yr) 8.3 [2.6] 8.5[2.6] 8.1[2.7] 8.8[2.7] 8.3[2.4] 8.1[2.5] 8.3[2.5] <0.001
Breast-fed (%) 79.9 76.1 81.1 87.3 78.3 85.6 70.4 <0.001
Low birth weight (%) 3.3 3.5 4.2 1.8 3.3 3.0 4.3 <0.001
Atopy (%) 6.9 5.5 7.0 8.9 5.1 7.2 8.0 <0.001
Obesity (%) 13.0 11.6 17.7 12.6 10.2 11.3 14.8 <0.001
Respiratory disease before 2 yr (%) 22.9 26.4 24.8 25.1 22.3 19.7 19.2 <0.001
Parental asthma (%) 1.4 1.8 2.2 1.8 0.9 0.7 0.9 <0.001
Parental chronic bronchitis (%) 2.7 3.1 3.2 3.3 2.1 1.9 2.8 <0.001
Grandparent asthma (%) 8.4 8.8 10.2 9.7 6.0 8.1 7.8 <0.001
Grandparent chronic bronchitis (%) 10.5 10.4 11.0 12.3 8.8 10.9 10.0 <0.001
Numbers of room 3 (%) 31.8 15.7 20.5 35.2 35.0 61.5 20.2 <0.001
House close to main road (%) 25.2 26.0 24.7 27.4 30.8 18.1 23.2 <0.001
House close to factory or chimney 31.1 27.0 24.8 40.5 32.3 20.4 42.9 <0.001
House painted or re-built in
past 3 yr (%)
22.5 20.1 16.3 19.6 24.6 34.0 20.2 <0.001
Indoor coal use (%) 11.5 3.2 32.2 13.1 5.7 5.7 7.8 <0.001
Ventilation in kitchen (%) 76.8 75.7 49.6 79.4 85.8 93.2 77.6 <0.001
Air exchange in winter (%) 47.2 47.8 32.9 52.6 47.8 48.5 55.4 <0.001
Humidator use (%) 6.2 5.8 2.4 4.3 6.8 9.7 8.5 <0.001
House pets (%) 25.8 30.0 25.8 20.5 28.2 13.1 37.8 <0.001
Passive smoking exposure (%)
Father 43.5 42.7 55.4 42.5 36.7 43.2 40.7 <0.001
Mother 1.0 1.3 2.4 0.4 0.3 0.9 0.8 <0.001
Anyone 54.0 53.1 64.9 51.2 48.8 51.4 54.6 <0.001
Parents as responders (%) 92.3 91.5 92.5 91.0 91.5 94.8 92.6 <0.001
Table 3 Prevalence (%) of respiratory symptoms and illnesses by city, gender and age groups.
Persistent cough Persistent phlegm Current wheeze Current asthma
Male Female Total Male Female Total Male Female Total Male Female Total
City
Anshan 9.4 9.8 9.6 4.4 6.0 5.2 3.7 4.3 4.0 2.0 2.2 2.1
Benxi 11.8 11.5 11.7 5.8 5.2 5.5 5.0 4.5 4.8 1.7 1.9 1.8
Dandong 8.2 9.4 8.8 3.7 4.5 4.1 5.8 6.2 6.0 1.0 1.6 1.3
Liaoyang 11.7 12.2 11.9 5.7 6.2 5.9 3.7 4.1 3.9 0.7 0.8 0.7
Panjin 4.9 5.0 4.9 2.1 2.5 2.3 5.7 4.8 5.2 1.2 1.0 1.1
Shenyang 9.7 9.0 9.3 4.3 4.4 4.3 3.8 3.9 3.9 1.0 1.2 1.1
p-Value* <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.1 0.2 <0.01 0.1 <0.05 <0.01
Age
3e6 12.2 12.9 12.5 5.1 5.3 5.2 8.6 9.4 9.0 2.0 1.9 1.9
7e9 8.4 8.0 8.2 4.1 3.8 4.0 4.6 4.4 4.5 1.0 1.2 1.1
10e12 8.5 7.7 8.1 5.4 4.1 4.8 2.7 2.6 2.6 1.0 1.3 1.1
p-Value# <0.01 <0.01 <0.01 0.1 0.1 0.0 <0.01 <0.01 <0.01 0.0 0.1 <0.01
Total 9.6 9.4 9.5 4.8 4.4 4.6 4.6 5.9 5.2 1.3 1.4 1.4
p-Valuey 0.66 0.25 0.94 0.58
*p-Value for the effect of city.
#p-Value for the effect of age.
yp-Value for the effect of sex.
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Table 4 ORs of personal and household covariates associated with respiratory symptoms.
Variable Persistent cough Persistent phlegm Current wheeze Current asthma
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Age (ref: 3e6 yr) 0.80** 0.74 0.87 0.94 0.84 1.05 0.56** 0.49 0.63 0.71 0.57 0.88
Low birth weight (ref: normal l
birth weight)
1.28* 0.96 1.72 1.49 1.02 2.18 1.04 0.70 1.56 0.78 0.32 1.93
Breast feeding (ref: not breast-
fed)
0.85** 0.73 0.98 0.74** 0.61 0.91 0.96 0.79 1.17 0.72 0.50 1.04
Obesity (ref: not obesity) 1.14 0.96 1.36 1.05 0.81 1.34 1.44** 1.14 1.81 0.91 0.57 1.46
Atopy (ref: no atopy) 1.73** 1.41 2.12 2.09** 1.62 2.69 2.18** 1.73 2.76 3.83** 2.63 5.58
Res Dis History before 2 years
old (ref: no history)
2.24** 1.96 2.55 2.24** 1.87 2.69 4.04** 3.44 4.75 9.53** 6.52 13.91
Parental asthma (ref: no
history)
1.71** 1.14 2.56 1.68** 1.01 2.79 2.19** 1.40 3.42 4.09** 2.22 7.53
Parental chronic bronchitis
(ref: no history)
1.80** 1.35 2.41 1.72** 1.18 2.51 2.35** 1.35 3.34 1.98** 1.13 3.44
Grandparent asthma (ref: no
history)
1.43** 1.17 1.76 1.73** 1.35 2.22 1.74** 1.33 2.26 2.56** 1.68 3.91
Grandparent chronic bronchitis
(ref: no history)
1.21* 1.00 1.46 1.59 1.25 2.03 1.41** 1.10 1.81 1.64 1.07 2.51
Mother smoking (ref:
nonsmoking mother)
2.54** 1.63 3.97 2.07** 1.15 3.71 1.83 0.97 3.45 3.13** 1.19 8.23
Passive tobacco exposure at
home (ref: no PTE at home)
1.26** 1.11 1.43 1.36** 1.13 1.64 1.48** 1.23 1.78 1.41* 0.99 1.99
Fewer room number (ref: room
number3)
1.12 0.97 1.28 1.16* 0.95 1.41 0.88 0.75 1.03 0.81 0.59 1.13
House close to main road (ref:
distance :20 m)
1.10 0.88 1.38 0.90 0.64 1.26 1.26 0.96 1.66 1.57* 0.96 2.58
House close to factory or
chimney (ref:
distance:100 m)
1.40** 1.12 1.76 1.62 1.20 2.18 1.34** 1.10 1.63 1.80** 1.11 2.91
Classroom close to main road
(ref: distance: 20 m)
1.59** 1.27 2.00 1.88** 1.40 2.53 1.13 0.85 1.50 1.92** 1.14 3.24
House pets (ref: no pet at
home)
1.19** 1.03 1.37 1.24** 1.02 1.50 1.09 0.91 1.30 1.02 0.71 1.46
House painted/re-built in 3 yr
(ref: not in the past 3 yr)
0.94 0.81 1.10 1.04 0.85 1.27 1.16* 0.97 1.40 1.43** 1.00 2.02
Humidator use (ref: not use) 1.06 0.82 1.37 1.39** 0.99 1.94 0.97 0.71 1.33 1.82** 1.06 3.14
Parents as responders (ref:
others as responders)
0.79** 0.63 1.00 0.66** 0.49 0.89 1.22 0.89 1.67 0.60* 0.34 1.07
Low education of the
questionnaire responder
(ref:Junior high school)
1.16 1.02 1.33 1.19* 0.99 1.43 0.83* 0.67 1.02 1.25 0.88 1.76
*p < 0.15; **p < 0.05.
Variables with asterisks are selected in the first-stage logistic stepwise regression model, and included in the second stage model for this
symptom. The variables are adjusted for each other. The remaining variables without asterisks are adjusted for each other, as well as for
age and sex.
1908 G. Pan et al.caused by air pollutants.29,30 The inclusion of these children
enhanced sensitivity in detecting the harmful effects of air
pollution.
The significantly increased ORs of family history of
asthma and chronic bronchitis, as well as atopy of the
subject, confirmed the strong influence of genetic-deter-
mined susceptibility and/or common environmental expo-
sure. We observed strong effects of respiratory diseases
in early life on wheeze and asthma. However, the
lower prevalence of asthma (1.4%) and higher rate of
early respiratory infection (22.9%), as reported in otherdeveloping countries27 and East Germany,23e25 does not
support a causal link between respiratory infection and
asthma, further studies are warranted to establish whether
infection in early life plays different roles in the etiology of
asthma in countries with varying levels of asthma. As
expected, breast feeding was a significant protective factor
for persistent cough and persistent phlegm.
We observed significant effects of some indoor air
pollutions on various respiratory symptoms, the rapidly
increasing trend of pet raising, humidifier usage, and house
painting is expected to cause more health damage in the
Table 5 Associations between air pollutants and respiratory symptoms and illnesses.
Pollutant Persistent cough Persistent phlegm Current wheeze Current asthma
OR 95%CI OR 95%CI OR 95%CI OR 95%CI
Single pollutant model
TSP 1.21* 1.14 1.29 1.21* 1.10 1.32 0.92 0.83 1.01 1.41* 1.22 1.65
SO2 1.24* 1.13 1.36 1.21* 1.06 1.38 0.88 0.77 1.00 1.52* 1.21 1.92
NO2 1.27* 1.16 1.38 1.30* 1.15 1.48 0.87 0.76 1.00 1.39* 1.11 1.74
Three pollutant model
TSP 1.27* 1.10 1.46 1.31* 1.07 1.60 1.02 0.82 1.29 1.57* 1.12 2.21
SO2 0.85 0.70 1.04 0.77 0.58 1.04 0.90 0.66 1.23 0.81 0.49 1.35
NO2 1.14* 1.02 1.27 1.20* 1.03 1.40 0.91 0.77 1.08 1.10 0.84 1.45
Single and three pollutant models adjusted for personal and household factors with asterisks in Table 2.
OR is scaled to the interquartile range for each pollutant as follows: 172 mg/m3 of TSP, 69 mg/m3 of SO2, 30 mg/m
3 of NO2.
*p < 0.05.
Air pollution and children’s respiratory symptoms 1909future. We confirmed the strong harmful effects of passive
tobacco smoke, especially for mother smoking. Consistent
with the findings in a recent study in four Chinese cities,12
we could not find significantly increased ORs for indoor coal
use, which maybe related to the dramatically decreased
level and frequency of indoor coal smoke exposure over the
past decade. The increased ORs of close proximity of
houses or classrooms to main roads or chimneys/factories
for various respiratory symptoms suggest the harmful
effects of local and/or traffic air pollution.
The significantly increased ORs of persistent cough,
persistent phlegm and current asthma for each inter-
quartile increment of TSP, SO2 and NO2 in single model
analyses, both for overall and within-city ORs, confirmed
the similar positive associations found in several one-city
studies in China, such as Whuan,5 Lanzhou,6 Beijing7 and
Shenyang.8 The prevalence of persistent cough,5e8 persis-
tent phlegm,5e8 wheeze,6e8 and asthma7,8 were signifi-
cantly elevated in the heavily air polluted areas compared
with that in the control areas within each city. A recent
one-city study could not observe significant associations
between the levels of SO2 and NO2 and increased ORs ofTable 6 Between and within-city modeled ORs, scaled to inter
Pollutant TSP SO2
Between Within Between
OR 95%CI OR 95%CI OR 95%
Single pollutant model
Persistent cough 1.23* 1.14 1.33 1.15* 1.02 1.31 1.25* 1.1
Persistent phlegm 1.22* 1.10 1.36 1.15 0.96 1.38 1.23* 1.0
Current wheeze 1.03 0.94 1.13 1.09 0.93 1.28 1.05 0.9
Current asthma 1.46* 1.21 1.77 1.40* 1.04 1.88 1.61* 1.2
Three pollutant model
Persistent cough 2.39* 1.62 3.54 1.23 0.96 1.32 0.41* 0.2
Persistent phlegm 2.81* 1.59 4.96 1.77 0.94 1.48 0.32* 0.1
Current wheeze 0.96 0.6 1.54 1.14 0.92 1.4 1.19 0.6
Current asthma 1.52 0.56 4.41 1.65* 1.13 2.4 0.56 0.2
*p < 0.05.wheeze and asthma in Taiyuan.9 Although we could not find
significantly increased ORs for wheeze as other respiratory
symptoms, we did find significantly increased wheeze
prevalence among atopic children (data not shown). By
selecting 18 districts from 6 cities, we have observed the
larger effects of the wider between-city air gradient than
the narrow range of within-city, and demonstrated the
characteristics of the overall harmful effects which could
not have been evaluated in one-city studies.
Several multi-city studies have reported positive asso-
ciations between these air pollutants and the prevalence of
a number of respiratory symptoms. The Harvard Six Cities
Study found TSP was positively associated with the
morbidity of cough or persistent cough, bronchitis, chest
illness, wheeze, lower respiratory diseases.31,32 A Slovakian
study has also found that the prevalence of non-asthmatic
symptoms and hospitalization was associated with elevated
TSP.33 A study involving 4 areas of East Germany and 2 areas
of West Germany found the higher prevalence of non-
allergic respiratory illness in East German children
was associated with TSP and SO2, the sharp decline in TSP
and SO2 in East Germany was mirrored by similar reductionsquartile range of concentration for each air pollutants.
NO2
Within Between Within
CI OR 95%CI OR 95%CI OR 95%CI
4 1.37 1.14 0.81 1.59 1.27* 1.14 1.41 1.33* 1.14 1.55
7 1.40 1.04 0.64 1.68 1.33* 1.14 1.55 1.23 0.97 1.57
3 1.18 0.72 0.47 1.08 0.91 0.8 1.04 1.22 0.98 1.51
7 2.05 0.94 0.41 2.18 1.56* 1.19 2.04 1.19 0.78 1.81
6 0.67 0.64 0.39 1.05 1.07 0.93 1.22 1.34* 1.07 1.69
6 0.64 0.54 0.26 1.09 1.14 0.94 1.39 1.34 0.97 1.85
7 2.12 0.31* 0.17 0.56 0.84 0.71 0.99 1.65* 1.22 2.22
5 2.9 0.33 0.10 1.09 1.23 0.89 1.71 1.94 0.64 2.24
1910 G. Pan et al.in the prevalence of non-allergic, but not allergic
symptoms.21e23 A four-city study in south and west China
found significantly increased prevalence of persistent
cough (OR Z 1.35, 95%CI Z 1.02e1.79), persistent phlegm
(OR Z 2.52, 95%CI Z 1.91e3.21), as well as non-signifi-
cantly increased prevalence for wheeze (OR Z 1.28, 95%
CI Z 0.83e1.99) and asthma (OR Z 1.32, 95%
CI Z 0.75e1.41) for each interquartile increment of TSP
(263 mg/m3), only weakly positive associations between
SO2, NO2 and the respiratory symptoms.
12 The status of air
pollution and respiratory diseases of the present study was
similar to that of East Germany21,22 and the four cities in
China,12 all the positive findings (overall, between-city and
within-city) supported the casual relationships between air
pollutants and non-allergic symptoms, especially for
particulate materials. The low prevalence of asthma
observed in the six cities, and other cities in China12 and
East Germany23e25 despite high level of air pollutants,
argues against that air pollutants contribute to the initial
development of asthma. We believe that the significant
positive associations between air pollutants and asthma, as
well as wheeze in atopic children, reflect their triggering
effects, rather than a direct causal link between asthma
prevalence and air pollutants.34,35
The strong or moderate correlations between TSP and
SO2 (r Z 0.889, p < 0.01), TSP and NO2 (r Z 0.606,
p < 0.01), SO2 and NO2 (r Z 0.577, p Z 0.012) make it
difficult to distinguish the effects of individual air
pollutant. The increased ORs for TSP and decreased ORs for
SO2 and NO2 in multi-pollutant models may reflect the
dominated influence of the particulate material pollution in
the ‘coal smoke’ style air pollution in the six cities.2,36
Rather than being itself responsible for the increased risks
of respiratory symptoms, TSP maybe operating as the best
surrogates of the mixed air pollutants in this context. The
significantly decreased ORs for SO2 could be caused by the
limited effectiveness of multi-pollutant regression models
in controlling for confounding by copollutants.37
This cross-sectional study has known limitations with
regard to etiological research, could not establish
a temporal relationship between exposure and outcome.
The study confirmed the between-city and within-city
harmful effects of the high level outdoor air pollution on
children’s respiratory health in north China. Accumulating
rates of female smoking, childhood obesity, pet raising, and
traffic air pollution tend to increase the incidence of
various respiratory symptoms.Acknowledgements
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